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PARAMETERS FOR THE A.E.M. SOLAR ARRAYS

Edward M. Gaddy

ABSTRACT

A computer program has been written to aid in the design of
the A. E. M.-1 solar array and to determine the power that
will finally be available from the array. The program will
plot the array ouiput as a function of the satellite's position
in a given orbit and will calculate the average output over
the orbit.
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A COMPUTER PROGRAM TO DETERMINE GEOMETRIC
PARAMETERS FOR THE A.E.M. SOLAR ARRAYS

INTRODUCTION

A computer program has been written to aid in the design of the A.E. M. -1 solar
array and to determine the power that will finally be available from the array.
The program will plot the array output as a function of the satellite's position in
a given orbit, and will calculate the average output over the orbit. To do this,
the program needs to have only the satellite's paddle pitch angles, rotational
position and orbit.

DESCRIPTION OF THE A.E.M. AND ITS ORRBITS

In order to understand the program it is necessary to have a definition of the
satellite and its orbit. This section will define these.

Figure 1 depicts the satellite and an attached coordinate system. The satellite
always orbits such that the -z axis points toward the center of the earth. The
satellite's rotational position, Rf, is defined as the angle between the satellite's
velocity vector and the axis of paddle 1.

As shown in Figure 1, all the paddle axes are perpendicular to the z axis, Al-
though it is not shown in the figure, any paddle may be pitched to any angle about
its axis. Zero pitch is defined by the pitch of the paddles in Figure 1. A posi-
tive rotation in pitch is represented by an axial vector pointed away from the
center of the spacecraft.

In general, the A.E.M. satellite can have any orbit, and thus the program must
be able to concern itself with any possibility. However, the A.E, M. -1 orbit is
the specific case under consideration here; therefore, the program will be ap-
plied to this case. The generalization to all cases will be obvious.
The A.E. M. -1 has the following orbital parameters.,

Inclination: 97°, ascending node

Hour: 2:00p. m.

B = Beta: (The angle between the satellite's orbital angular momentum
and a line from the earth to the sun) 55° to 67°

A<



PADDLE 3 PADDLE 2

PRDPLE |

Figure 1. The A.E.M. Satellite

Asg far as the solar array is concerned, the only relevant parameter is 8. The
inclination and hour of the orbit do not explicitly affect the sclar array output.
As a result, it is convenient to arbitrarily choose all orbits to have an inclina-
tion of 90°, but with the same 3 as the actual orbit. This results in no change
in the solar array output, but yields an easier programming problem. (The
following consideration shows that this is true. Any orbit can be made polar by
mathematically rotating the earth's axis in the plane of the terminator so that if
extended it would intersect the satellite's orbit. By assumption this involves no
change in the array output or 8, and gives an orbit with a 90° inclination.)

PROGRAM OUTLINE AND STRATEGY

What the program does is take a given § angle, a given set of paddle pitch angles,
a given satellite rotational position, and plot the projected area the solar array
resents 16 the sun over the given orbii (as defined by §), simuitaneousiy com-
puting the average for the orbit. The projected area is given in terms of the
area of a single paddle. This projected area may be multiplied by the output of



a gingle paddle in order to compute the array power output. The final plots so
generated by the program are shown in Appendix F.

The program strategy is to orient unit vectors normal to each paddle for any
specified set of conditions, and then to take the absolute value of the projection
of each vector on the sunline and finally to sum these scalars. (This sum is

the projected area of the array for the specified conditions.) Thus the most dif-
ficult problem faced by the program is how to orient the unit vectors properly.

ORIENTATION OQF UNIT VECTORS

To describe how the unit vectors are oriented, I shall first describe the scheme
the program uses to rotate vectors and then give the sequence in which the pro-
gram performs rotations.

The program uses Euler's angles fo perform all rotations. The specific set
used is defined in Figure 2.

The rotation operator A obtained from these angles is:
cosy cosg —cosd sing sing  -siny cos¢ -cosfl sing cosy  sinf sing
Al =A = cosy sing +cosf cosg sing  -siny sing +cosf cos¢ cosy -sind cosg
siné siny sinf cosy cosfl
To be more specific, if one has a three dimensional vector defined by

X,

X3

then this vector may be rotated first through ¢, then 8, then ¢ to obtain a new
vector §'. §'is given by

g = A S.

The specific sequence followed by the program is as follows. A unit vector is
defined along the z axis, shown in Figure 1. This vector is then rotated by the
angle defining the rotational position of the satellite, Rf¥, and is pitched an
amount, P1, equal to the pitch of paddle 1. The resulting vector is stored.
This stored vector corresponds to a unit vector normal to paddle 1 when the
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Figure 2, Euler's Angles



satellite is rotated by Rf. The same procedure is followed for paddles 2 and 3
except that they are rotated by (Rf + 120°) and (R¢ + 240°), respectively and
pitched P2 and P3 respectively. It should be obvious from Figure 2 that the
sequence of rotations described above can be accomplished for any one paddle
by the matrix A where R§ corresponds to ¢, where the paddle pitch angle cor-
responds to ©, and where ¢ =

The three resulting vectors are then rotated -90° about the x axis, by a rede-
fined A where qb 0°, # =-90° and ¢ = 0°. Finally the three vectors are rotated
by yet another A, where ¢ = 90° -8, 8 =90° and J represents the satellite's or-
bit position. = 0° obviously corresponds to the satellite being over the North
Pole; ¢ = -90° to the equator, and = -180° to the South Pole.

LINE BY LINE EXPLANATION OF THE PROGRAM

In this section an explanation is given of the program, which is listed in Appen-
dix A. The explanation will be done on a line by line basis. (The program is not
structured so that a flow chart is necessary.) However, before this is done it
should be pointed out that the program is in basic and will run on a Hewlett-
Packard 9830A with a matrix operatmns R.O.M., a plotter R.0O. M., 29862A
pPlotter, and a 9866 printer.

Lines 5-1¢¢ Input data, scale the plotter, and set the computer for degrees.

Line 11¢ Computes the number of degrees the satellite is in sunlight.
We are given information, Appendix B, from the dynamics people on B
(time) and shadow duration as a function of time. Thus we can obtain
shadow duration as a function of 3. From this, and the orbit period line
11¢ calculates the number of degrees out of 360° the satellite will be in
sunlight or the range.

Lines 12¢-13¢ Dimension the matrices used in the program (including
some spares).

Line 14¢ Sets A = ¢, where A will be used as an accumulator in computing
the average array output over an orhit.

Lines 15¢-16¢ Define a unit vector in the +z direction.

Lines 17¢-2¢f Take the original unit vector, rotate it R¢, and pitch it P1.
The subroutine 86#-95¢ define the matrix A derived from Euler's angles.

Lines 21¢-24¢ Take the original vector, rotate it Rff +120° and pitch it P2,



Lines 25@-28¢ Take the original vector, rotate it Rff +240° and pitch it P3,

Lines 29¢-37¢ Rotate the three vectors (resulting from lines 17¢-28%) -90°
about the x axis. For this rotation, the matrix A, defined earlier in the
report operating on a vecior always results in the x component of the vector
remaining unchanged, the original y component going to the new z compo-
nent, and the original z component going to the new -y component.

Lines 380-4#0d Partially define the matrix operators for the final rotations.
P is the computer's symbol for = 90° -f. The three matrix elements are
defined here instead of in lines 42¢-47§ because this keeps them out of the
FOR . . . NEXT loop and thus saves computation time.

Line 41¢ Initiates a FOR . . . NEXT loop in which the satellite is rotated
through its orbit. The loop starts with the satellite at a +y value and ro-
tates it over the North Pole ¢ = 0, over the equator, ¥ = -90° and over the
South Pole, ¥ = -180° to the point where the satellite enters darkness.

Lines 42¢-47¢ Completes the definition of the matrix operator.

Lines 48¢-5¢¢ Rotate the three vectors that were defined earlier by ¢ =
90° -8, ¢ =90°, and ¢ = satellite's position in orbit, as defined by the
FOR . . . NEXT loop.

Line 51¢ Computes the absolute value of the projection of each vector onto
the sunline and sums the result. The values C1, C2, and C3 are included
in order to study one paddle at a time, i.e., by setting C1 = C2 = 0 only the
projected area of paddle 3 is computed.

Line 52¢ Plots the results.

Line 53¢ Accumulates the results. After the orbit has been completed
A /101 equals the average array output as per line 41¢.

Line 54§ Completes the FOR . . . NEXT loop.
Lines 545-77§ Label the resulting graph.
RESULTS OF THE PROGRAM AS APPLIED TO THE A.E.M.-1

We have used the program to find the optimum pitch angles for the A.E. M. -1
lar

- — 1 1 o
0L paddles 48 Iollows.

o]



An orbit of ¢= 30" was chosen as representative of all possible A.E.M. -1 or-
bits, ¢ = 23° to 35°, and the "C parameters" were chosen as:

This insured that only the output of paddle one would appear in the final graph.
Paddle one was then pitched from 0° to 180° in 10° increments with a graph of
the solar array projected area generated for each increment. The results of
this study, shown in Appendix C show that a pitch of 90° on paddle one gives the
highest possible output for that paddle in a ¢ = 30° orhit.

Similar runs were made for paddles two and three, except that constraints from
the experimenter limited the paddle pitch angle ranges to 70° thru 110° for pad-
dle two, and 45° thru 135° for paddle three. The resulfs of these studies, in
Appendices D and E, show that paddle two has its optimum pitch angle at +70°,
and paddle three has its optimum pitch angle at +135°,

Next, graphs were generated for ¢ = 23°, 30°, and 35° for the optimized paddle
pitch angles. These graphs, in Appendix F, give the power output of the array
exclusive of shadowing considerations.

The shadowing considerations are taken care of by another computer program
which draws pictures of the satellite in any orbit position. These pictures are
then analyzed for the amount of shadowing on each paddle. Tor completeness,
this computer program has been included in Appendix G. The pictures generated
by the program for ¢ = 35° are in Appendix H. A report soon to be published
will describe this program.

As can be seen for ¢ = 35°, shadowing considerations reduce the solar array
output by 6.1 percent. Applying this same percentage to ¢ = 23° and ¢ = 30°
yields average projected areas for each orbit of

1.63 for ¢ = 23°

1.66 for ¢ = 30°

1,68 for ¢ = 35°

il

Assuming each solar paddle produces 77W, this results in a minimum array
output of 126 W. If high efficiency cells such as the "violet'" cell are used in-
stead of conventional cells the output is 151W,

L0<



ACKNOWLEDGEMENT

I wish to acknowledge James A. Bass for his helpful discussions on the com-
puter program and related geometry problems.

REFERENCE

1. Goldstein, Herbert. Classical Mechanics. Addison-Wesley Publishing
Co., 1950,



APPENDIX A



S5 DISF "WHAT HRE AFEA FACTORS CleC2 C37s

6 INPUT Ci.CZyC32

18 DISF "WHAT IS ROTATIOM"

28 INPUT KRB

38 DEG

48 SCALE +16@:-Zd4@.~-A,d4, 3,2

58 DISP "HWHAT IS Foloaapy ﬁ'aP“H-sPHI“i

6l INFLUT FisF2.P24F

@ DISPF "WHAT 1% THE DRY":

84 INFUT 21

S8 DISP "WHRT IS5 SHALOMW TIME":

198 IHFUT T

118 R=(97.85-Ti*Zen-97, 25

128 DIM RE=2 3 1 E[']at[i] DLy D ELEIaFL S G023 HE Za 200 J0 39 2]
138 DIM KLZ1LI3 1M 3T NE 2 1003 1hFE 3]

148 H=1

18 B[ 1)I=BLZ2 1=

1688 B[ 23 ]1=1

Iva Ri=RA '

188 Az=F1
198 GLsLB £
288 MHT C=R+*E
218 H1 =RE+1 26
22 =pz
236 GHCUE SEH
248 MAT E=H+E
258 Al=RA+244
Z2el HE=P3

278 GOoSUE Zen

288 MAT F=A=+E

298 KL11=0CD13

SRR K{21=C033

21| KL 3 1=-00 7]

328 L0y J=E[13

228 LI21=EL 2]

245 L0333 I=-E[ 21

250 MLOL 1=F[1]

Sl ML21=FL 3]

A¥vA M3 1=-FL[ 2]

206 DL3.31=6

298 DL 31=5IMF

d006 D[22 1=-C0Os5F

418 FOR Sl=—¢30-F /23 TO —0390+F-21 STEF -~k 108
426 DEZx11=5THS1

330 DL 32 1=00551

446 BLL«31==D0 322 3500225 ]
438 DL 1«21=003,1 3002221
468 DL 11=DL 32100 1+3]
476 D[22 1=~-D0 521300 ++2]

482 MAT H=D#k
498 MAT O=D#*L
589 MAT P=D#M

o<

db\



DY Y RN IOF S S e wu w e s B B Rl Bt Bt TRt Bl B
VI e T o S0 a0 ) = O G ] TN a2 Fo
LTRSS A v e Ry i~ )

E=C1*RABS(N[ 1 1)+C2*RBSCOL 1 D+C3*ABSCPL L 1)

PLAOT S1+Ex-2

A=RA+E -

NERT 51

SCALE ~16B:34B,-@.4,3.2
SAKIS Ry 28y =103, +270
YAKIS -100.0.5:8:3

FLOT =-2@8:301

LABEL ¢*:1.5+1.Ps8s18-250"A.E. M,

LABEL o«

LABEL ¢*:»"ROTATION ="3F8
FORMAT Fa.2s 28 FS. 028 FE, 2
FOR I=38 T0 ~Z230 STEP -4@
FLOT =1s9:1

CPLOT -2+=1.5

LABEL <#%11

HE®T I

FLOT 49@.-@3,3+1

LABEL {#1"F3Y IM DEGREES”
FOR I=0 TQ 3"

FLOT -1@As1s1

CFPLOT -3.8

LABEL t#01

HEXT 1

FLOT -128,13.5. 1

LHEEL I'-st-:l Sl TRy 1ES25"HORMRLIZED FRINLE AFESR”

EHD
Al
Alt
A1

'
'
y
AL
s
’

by

5
C

IH

I

AL 2 i
AL 2
HL 3
AL 3s 2 )=5INAZ

AL 3y 31=CO3SAZ
FETURN

ISH2*C0SAL
SINAZ#C0SAL

D s G P e G [
d bd bd bd hd b L

=
5
C
a

FPARAMETRIC HPPHY

»"GRDDY  C1="3C1i"  C2="3C23° £3="i3
CPC1y="iRLET  Pe2iEtiPaiT PiIdetiPRi

SUAMGL =" SRS 181 "RAMGE="1R» "SHATOW TIME=

STUDY APRIL"ZLH"

FHI="P
gt

1974



APPENDIX B

£.‘; frr

<



>0

SHADCW DURATION IN MINUTES

SHADOW DURATION VS DAY NUMBER A.E.M.-1

24.7
=
34 \ /
/—m
32,6 \/
0 50 100 150 200 250 300 350

DAY NUMBER




é-d

BETA ANGLE IN DEGREES

70

BETA ANGLE VS DAY NUMBER A.E.M.-1

&5

A1 T

60

55"

50

100 150 200 250
DAY NUMBER

300

350

400



A
P
P
END
X
C

4
R0
L



TEQ PALDLE RRER

1

NORMR!

NDRMRL I ZED PADDLE ARER

n
[ TR . E

B s |

|
|
¥

B.E.N. PARBHETRIC RRRHY STURY  APRIL | 18
GARDY  Cl= I = (3=

iyl Z=B PC3)= 3 PHI= 3R
AVE.= B.HMET RANEE= 228 SHADOW TIWE= 35, BB
ROTATION =-98

~HE -B@ -\ 2R -1 ~-ZaR -a48

HA
PEL IN LERHEES
3, HLEM. PRRMETRIC ARRRY STUDY BRRIL | 1a7d
[ EABOY  Cl= | - g Ci= B8
RCEow 18 By B " e PHI= 38
AVE.= E.476_RANSE= 238 SHADIW TIME~ 36.B8
ROTRT{ON =-3d
1
24
s
14
B - + e T E— —— + -
&n 4a H -48  -88 -2 -|&H  -2E@ -

PFal IN DERREES

L8<



NORMAL I ZED PAHDLE ARER

NORMAL 1 ZED PRDDLE RRER

B |

R R st

+
T

A.E. M, PRRAHETRIC ARRARY STLOY  APRIL | igm™
GHDDY  CIm | {a= 2 C3m

Fol)= 2B g @ P{3)= @ PHi= 3@
AVG.» B.4RF RANGE= 226 SHHDLM TIME~ 36.BB
ROTRTION =~Fft

B -HB ~BE ey -i68 ~2dd -4
Pst IN DEBREES

R.E.M. PRRAMETRIC RRRAY STUDY MARCH 3B 1874
BADDY  Ci= | , C2m = B

FC1)= 31 M2 A F(3m @ FHi= 3¢
RVE.= B.5KZ2 RRANGE= 228 GSHRADONW TidE- 36 EX
ROTATION =-9B

+ ¥ T u T r -

a -4A -8f -2 =1 -Zag -2
PS5l IN DEBREES
c-2

20<



NORMAL | ZED PADDLE RRER

NGRMAL | ZED PRDDLE ARER

AL A.E.M. PRRAMETRIC RRRAY STLDY MARCH 3B 1874
BARDY Ci= | (2= H = B
Pl Y= 4a 2= g (3= 2 FHI= 3A
AVG.= B.SYE RANGE= 228 5SHADON TIME= 3E.BE
ROTATION =-317

24

I+

L L e e S TR S S

aa | - ~He d ¥ -iEA -2e8 ~24i
BESl IN DEBREES
3, A.E.H. PARAMETRIC FRAAY STUDY MRRCH 3@ 18974
I BADDY _ Cl= | Ca= B Ci= #t

PCi)= S8 aca)= o B3I d fHi= 38
AYGE.= B.SE7 HRANRE= 228 S5HACON TIME= 35.B@
ROTATION =-H1

24

T
yl
Bl — e ey
Ba | -+ ~Bg -l28 -IBd -2an -~
A5l IN DEEREES
C-3
g <



NORMAL 1ZED FRDDLE RARER

NORMRL{ZED PADDLE RARER

3. R.E.M. PARAMETRIC FRRAY STLOY MARCH 3@ (974
[ BRBDY  Ciw | Ca= @ Ci= @
F( [ )= ER P2 @ &N PHI= 3@
RVE.= E.5H4 RANGEe 228 GHADOW T(ME= 35.0
ROTATION w»-8§
2]
1
Pl
4 ' T T et T T
Hg g ~4g —-am ~-128 ~IGE -Z8@ -PW
P5| IN DEBREES
3. f.E. M. PHRRMETRIC ARRAY STUDY MARCH 38 1574
BADDBY Ci= | C2= @ (3= @
FCil= 78 P(2)= B PA)= g iz 3\
AVE.= B.587 MANSE= 228 GHADOM TIHE- 5.0
ROTATION =-98
2zl
[
1
2 S ¥ ¥ % - # ¥ ¥ + i ¥ + 7 #
up ] -4a -BE -lag -1EE ~2@@  -2NE

P51 IN DEGREES



NDRMRL1ZED PRDDLE RRER

NDRMAL IZED PRDDLE RRER

3. A.E.M. PARAMETRIC ARRAY STUDY NRRCH 38 1974
BARDY Cl= | oo B Ci= B
P({)= BB P(2)s @ 3= B FHI= 34
AVE.= E.EBH RANEE= 22E8 SHROON TIME= 35.42
ROTHATION w-90
4
1
(I Y
+
B MU R SR T P S S
;1% Ha '] ~HR ~-Bf -{28 -{ER ~Z[0 -2
P51l [M DERREES
. A.E.H. PRAAMETRIC ARRRY STUDY MARCH 3¢ 1974
GHDDY Cl= | [ " | 3= B
ACL)= 90 P(2)= & P(3)= @ PHI= 38
AVE.» B.BAE RANGE= 2268 GSHADOW TINE= 35.P2
I. AOTATION =-BB
r-s
4
[N
1
B4 A e
2] yg B ~Hi ~-fa -i2a ~|BR -2@8 -0

P51 IN DEEREES

C-5

A
94-

Pty



NORWAL | ZED PADDLE RREA

NORMAL{ZED PRDDLE AREA

Fhl IN DERREES

kI R.E.M. FﬂﬂﬁHETEIC ARRAY STUDY  WARCH 38 1974
ERADRY l (2= R {3= B
¢ L= lﬂﬁ Fldy= A P(a)= g PFHI= 33
AVE.= H.BB3 RANGE= 228 SHADOW TIME= 35.8%
RUTAT!ON =-90
4
24
14
By e b e —
=04 4Ha g ~4p -HA ~{ 28 - | ER ~2E5 -2
Fal N DEEREES
c . A.E.H. PRRAMETRIC Hﬂﬂﬂf STUZY  NARCH 38 1874
BHDDY (= | e B 5= 7
Biir= iR P2 )= E (NEP LN ] PHi= 39
AVG.= B.E8Y RANBE= 228 GSHADOW TIME= 45,53
ROTAT IOK =-0¢
1
24
14
! \ /
EJL——.;_.._.'_’___;T_L + _ +
B8 45 B "‘LIB -‘Eﬂ -lZﬂ ~(6d '-ZBE -Z"IE



NORMAL i ZED FADDIE ARER

NMORMAL | ZED FRDDLE RRER

. I P P SO SR S S SO S W)

P f.E.M. PRARAMETRIC ARRAY STUDY  MARCH @
BRBDY  Ci» | {2n B =
(1= 128 P(2)= &
AYE,= B.SE| RANGE=
ROTATION =-58

1574

PHi= 38

P(3= @
220 SHADOW TIiME= 36 BB

B i g b -E8 -2 ~|E@ =208 -1
PFSI IN DEGREES
b A.E.H. PARRMETRIC ARRRY STUDY HARCH 3§  i8'M4
BABDY Ciw | {2« 3 C=
PCIy= 130 2= R P(3)= 2 FHI= 3§
AYE.= B.5653 RANBE= 228 SHADOR TIME= 35.8H
ROTATION =-58
1
24
I 4
{
L e T S S T A e S ST SU S S—
: 1) HR ] -4a -3 Y- = -Z2a8 |
F&l 1IN DEBREES
c-7



NORMAL | ZED PADDLE ARER

NORMALIZED PRCDLE PRER

3. A.E.M. PARAMETRIC RRRAY STUDY MARCH 32 a7
BRDOY  Cl= [ 2= i CI= B
B(li= (4B P} B 3w 2 PHi= 38
AVGE.= PB.54Y! RANBE= 228 SHADOW TIME= J6.6@
ROTATION =-838

24

I 4

-+
A e N e
4] ~4@ —Hd -1 28 -168 ~2n ~g48
PGSl M DEBREES

3 T R.E.M. PARAMETRIC RARRAY STUDY NARCH 38 1874
GAMYY (= | (2= B 3= 7
P{i)= IEA P(2)= 8 p(3)= A BH1= 3H
AYE.= A.51E RANGE= 22 SHRDOW TIME= 3R.HE
ROTATION =-8%

24

I 4

B it 3 —+

g -4g - -178 ~ 6 -288 -248

Pal IN DEEREES



NORMAL [ ZED PRDDLE RRER

NORMAL | ZEP PADDLE RRER

I, R.E.M. PARRAMETRIC ARRAY STUDY MARCH 3B 1974
GRDRY (= ) 2= B = A
ACid= BB P(d)= B F(3)= @ PHi= 38

AVE.= B.498 RANGE= 228 GSHADOW TIMEe 35 98
RUTRTION =--BR

L s et SR, S SR W VS R s e e
B 4 g - ~BH ~128 -iG¢e ~288 2]
P51 IN DEBEREES
3 T R.E.M. PARAMETRIC RRRRY STLDY  MARCH 38 87y
f BRDBY  Clm | Cz= B C3= @
: PCLi= |7 P(2)= B A= o M= 38
i AVE.= B.473 RHNEE= 238 SHADIIN TIME= 3R.HE
i ROTRTION =-58
|
El
.’
i
i
:
I
VAP M. 2 U S S o
B g a =4 —HE ~izZa -1ER —-Z08 ~A4B

PS5l 1IN DEBREES

C-9

me<




NORMAL | ZED PRDPLE RRER

T

R.E.K. PHRAMETRIC HRRAY STUDY  MARCH 3@ 197
ERDDY = {Z= g 3= 7

F(1)= (6B F{Em A fK3)=0 PHi= 28
AVG.= #_465 RANEE= 278 SHADDW TIHE= JE.R2
ROTATION =-80

— M " . 4 4
+ L + + +

g -4 -Ba -178 ~g0 ] ~ZHE

P51 IN DEBREES



APPENDIX D

23<



NORMAL IZED PADDLE RREA

NORMRAL I ZED PADDL.E RRER

AY5.= B.55( RANGE= 228 SHADDR TIMEw 35.08

e R.E.M. PARAMETRIC ARRAY STUDY MARCH 32  [974
i GR}DY <Ci= 18 CAe | {3=
| B{1= @ P(2= TR P{3)= R FHI= IR
i

ROTATIIN =-9B

"
T

B e e s
Lz ] HA 5] -4 ~Ag ~{ 28 ~{BH ~7@n ~240
BS1 IN DEBREES
3 H.E.M. PRRRMETRIL ARRAY STUDY MARCH 48 1974
T FRDDY Cie B Ca | 3= B
; P{iy= & B(21= Hd 3= d fHi= 38
AVR.= B.488 RHNBE= Z2H GHAROW TioE~ 36.0E
ROTATION =-HE
i
zl
;
| T
i
:
b e b 4 RS LAY S
ae HE [*] ~Ha -BE -1Z8 -6 ~202 ~2413

f51 |H DEGREES

D-1
30<



NORMAL 1ZED FRODLE RREA

NORMAL§ZED PRDDLE FRER

i)

N SR —

T—-.-—-——-.—-..-.‘_.....__ B e it e R

A.E.M. PARRMETRIC RRRRY 5TLOY  MARCH 38 9™
BRADEY CI= @& (2= | {3= @
P{l)=R PE2)= 38 PHI= 3R

AVE.= B.433 RANGBE=
ROTAT 10N =3¢

A{d)= @
228 SHADOW TIKE= 36,08

N

B e s L R e S I e -b-;::::fiﬂn-w-—-1---4———4—~—+——
aa 4n a -4 -Bn ~ize ~i62 ~23a ~Z48
P&i N DEGREES
T A.E.M. PARAMETRI|C ARRAY STUDY UARCKH 38 187y
! GRBDY Cl= A C2= | Ci= B
; L= B PL2)= [BH P(3)= 1 PHI= 30
AVE.= B.363 RANEE= 27H SHADOW TIME= 36.848
ROTATION =-882
4
I
+
:
! T~
]
i
.I ¥ -— ¥ T e r {._ e .
BE He %] -4g ~BR -i28 - B2 -2Z2BH —248
P51 M DERREES
D-2

SE<



NERMRL ! ZED PRDDLE RRER

-

. g A.E.%. PRREMETRI{ ARRAY STUDRY MARCH 32 1974
SABRY Cl= B 2= | (A= g
PCli= A P2y |18 P(3m @ PHI= 3
AVE.= B.311 HAMSE= 228 GSHADON TIWE= IE.88
ROTATION =-9#
24
i
1
+
I )
. - oo e e N'— e
Be Hi [ -Hil -8A -7 - R ~20 -2HR

P&t (N DEBREER
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NERMALIZED PRODLE ARER

“ED PADPDLE ARER

NIIRMAL |

o

H.E.H. PARAMETR!C AREAY STURY  MARCH 30 127
GADY Ci=R (2= 8 Cl= 1§

P(l)= @ BZ)= R B{d = UL BHI= 3@
BYS.= @.704 WNANGE= #2585 SHHDOW TiME= 36.2¢
ROTRTICN =-BH

- VAN CEPE S S E— AR SR S L S

7] un 1] -+ -8 - 28 ~-{Ed ~Zia —24a

P51 [N DEBREES

A.E.M. FREAMETRIC RRRHY STUDY  MARCH 38 15974
GARDY Ci= B (2= 1 CAn |

PCl)= R PL2l= 3 P(3)= 5% BHI= 30
AVE.= B_ 288 RANGE= #PH GSHADDK TIWE= 36.80
ROTHRTION =-88

Ba YR 8 MR ~ER ~{ 28 -1 68 -288 -74a
RS IN DERREES



NORMAL | ZED PADDLE RRER

NORMRL | ZED PRDDLE FIRER

R.E.W. PRRRMETRIC ARRAY HTUDY HRRCH 33 I8N
BARDY Ci= A (2= @ {3=

Pl i F(Z)= A fL3)= BL PHi= 30
AVE.= B.703 RANBE= 3228 SHADOW TIME= 35.80
ROTRTION =-B0

B
-

a -4n -En el ¥ ~(GH oy -
P51 1N DERREES

A.E.N. PARAMETRIC ARRAY STUDY MARCH 38 1974
ERDRY Ci= 1N 2= B O= 1|

Pl B A= i F(3)= T8 PHI= 38
AVGE.= A.37F RANGE= Z28 SHADDOW TiME= 35.78
ROTATION =-93

¥ v L ¥ ¥ ¥ - v Ly ) T ¥ L

@ -4 -E¢ -2 -i5d  -202
PS| IN DEGREES
E-2
c“}hﬂ

ey



D BADDLE HRER

-

-l

NERMH

A.E.%. PARHMETRIC ARRRY STUDY  HPRIL | 1974
GRbDY CI= R F= C3= |

P(l)=d (A= & PL3m HE Piti= 3@
AYE.» B.398 RBNGE= 228 SHHDOW TiMF= 36,38
ROTHRTICN =82

8 -I-———o—r——a—-—+— S URPURIr VY NSRRI ST SRR TS

NORMRL | ZED PRDDLE ARER

) ~-4i -8R -12e ~GE -2ar -2y
FSi (N DEGREES

A.E.M. PARAMETRIC ARRAY STUDY APRIL 2 18974
BAPDY (1= A4 2= 1 3= 1

P(l= B P(2)= B P{3)= OX FHl= 3R
AVE.= B.4SB RANEE= 228 SHHADOW TIME= 35.988
ROTAT ION =-0@

-+ + L + + + + + +

a =48 -8 V- | ~1E6A -288 -Z4R
AS| IN DEBREES

E-3

:-‘J'- ~a
R e



NORMAL iZED PADDLE ARER

NORMAL 1ZED PRDDLE FRER

R.E.M. PARAMETRIC ARRAY STURY APRIL 2 1574
ERQDY Ci= R (2= 8 (3 |

(AL a -] PC3o= (085 PHi= 31
AVE.= B.52A RANGE= Z2B SHADOW TIME~ 35.HF
ROTATION =-58

_—e

¥ - Lo + *

a 4R -3 —-128 - {60 -ang -248

P51 IN DEBREES

R.E.M. PHRAMETRIC ARRAY STUDY APRIL 2 137y
EARRY (i= 8- (2= 8 {3 |

Bllr= P(2)= B P{3)= 1|8 PHi= 38
AVGE.= A.5E6 RENBE= 228 SHHDON TIME=~ 3E.28
ROTATION =-BA@

+ ¥

B -4@ -8  -ia@ -|EE  -208
PS1 IN DEBRFES
E-4

37<



NORNAL 1ZED PRDDLE RRER

NDRMAL 1 ZED PRDDLE ARER

e . A.E.M. PRRAMETRIC ARRAY STUDY APRIL 2 194
BRADDY Cl= B (2= 3 3= |
PCli= 01 P(2)»= A P(3)= |28 PHl= 38
AYE.= B.E95 WANBE= Z2H SHRDOW TIME= 35.038
ROTRTI[IN =-0B
-y
1
1 L
T
A r e e ————————+
HA a ~He —aa -128 ~|6A -208 -AHA
P5] |N DESREES
. R.E.N. PARAMETR1C ARRAY STURY APRIL 2 1874
GHDDY CI= R {2= R (3= |
P{l1)= 12 AcZ)>= A PLdy= 135 PHI= 38
AVE.= A.GB6 RANGBE= 228 SHADOW TIME= 35.88
ROTAT!ON =-80
2.4
1 4
T
a —_— e+ ——+———+——}
Hi B -HR -aa ~128 -{&A -2PR -Z4B

P51 IN DEBREES

E-5

RS o
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MORMAL | ZED PRDDLE RARER

NORMAL 1ZED PRDDLE RRER

fl.E.4. PARAMETRIC ARRAY STUDY RARIL ? 1974

BADDY  Ci= | Ce= | 3=
F'(l)- ap P{2)= 78 P(3)= 135 PHI= 35
RVE.= |.789 RHNGE= 3228 SHRADDW TIME= 35. PR

HEITHT 1IN =-98

POTTED LINE REPRESENTS CUTRIT II(U.DIIIE SEOIHING.
DRTA DETRINED FROR RPFENDIX H. AYGel BB

+ + + * + + + 4 - +

a -4@ ~88a -128 -15R -]
PS1 IN DEGREES

A.E.X. PRRAMETRIC RARRAY ETUD\' RPRIL 2 1874
BARDY (l= [ = (3= |

Ac |~ 8A fca= 78 A(3)= I35 PHI= 23
AVE.» | .72 RANBE= 228 SHADON TIME= 36.8R
ROTATION =-98

4} -4B8 ~Bf - IEB -8 -223
PSl IN DEBREES

A<

~248



NORMAL | ZED PRDDLE RRER

i A.F.N. PARAMETRIC RRAAY STUDY APRIL 2 1974
EADDY  Ci= | 2w | (3= |
A | )= oA pe2)= 78 PCI)= 135 PHE= 30
AVE.» |.763 RANEE= 228 SHADON TIME= 35.EA
ROTATION =—80

2]

i d

a =+ + + 4+ e e + g * ¥ $

B 49 -8 -|2@ -(ER -2B@ -240
PS| IN DEEREES
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N AN A I e S e S e e
3 (T I OO D

Ul e R R s R o N ) I OO

e S

-

o0 0D
o0

LR

P N
o
X

430

b
L RS
A

470
480
490
o8e

DEG
S=30
SCALE -5#X, Os!
DIM ACZe 3Bl

3

:|'r'1—f1't

DIsE "ENTER P 1'-FLE'-5':H.
IMFUT FL1I-FI2]aPL3F1s51

W=

D11 1=C0551C005P1
DLi+21=-SIHS1#COSFL
1y 2]=51IHFL

DEZs 1 J=CORS1+5IHP]
2y SI=-SIHS 122 THF
IL2e2]=-C05F1
L3t 1= 1M

I 2 2 }=+00551

L[ 3.2 1=8

FOR F=F TO (248+FEs STEF 1
T=FPL 1+ (F-Fa2s126]
RO 11 J=COSF

AL 12 ]=-CsT5INF
AL 12 1=5THT*SIHF
AL 2s 1 I=5THRF
HLZs 2 1=COST+COSR
AL 3 1==3IMT+COSE
HL 2+ 1 1=d

AL 3s 2 1=5THT

AL 3 3 1=C05T

FOR =8 TO 2

T v

FOR I=1
MAT REALD E
BL1]=B01]1+is25, 7%
MAT C=nf=E
GO11=C{1]
GLal=+0[32]
GL31=-CL2]

MAT E=D#G

FLOT EC23-EL21a-2
IF A#2 THEH So@
IF I=2 THEH 4z

{0
Dt

S3a00 3

]



510 Li=(RABSC(XZ-X14+2+(Y2-Y1)12)5>10.,5

520 L2a(ABS((X3~X2 42+ (Y3-¥2)12))18.5

536 RI=ATNC(YS=Y2)-(X3~X2))

548 R2=ATN((Y2-Y1)-/(M2-K1)>

558 L2=L2%SINCA2-PA1)

560 R=ABS(CL1¥L2).-569,273)

578 Wi=l+A

580 NEXT I

598 PEN

604 RESTORE

£10 NEXT J

£28 LABEL (63@x1.5:1.7+0: 18-F2As C1+(P-Ry/ 120
830 FORMAT 4X:F&, 3 ¥aF2.0

648 PEM

638 MNENT P

660 PLOT -5%3,35:-5#5.1

678 CPLOT 18:6

680 FIXED 2

€90 LABEL (#)"TOTAL ="il

788 STAMDARD :

718 LABEL (#)"Polr="#PL13i" F(2y="3PL213" PrI3r="iPL3]
720 LABEL (#:"PHI="iF1:i" PSI="igl%" R="}F
730 DATA 15,081:0,8:17.085:68:0917.8%:~7.7 1 Bs58, 125 -7. 710550, 12:7.7:8
748 DATA 17.85:7.7017.85:0,9

7598 RESTORE 1488

76@ FOR P=R TO (ZP@+F:» STEP &8

7B GOSUB 1325

788 FOR I=1 TO 5

790 IF Si1<{-188 OR 51:8 THEN 248

202 IF I#4 THEN £20

818 IF E[1l X THEN 94

828 IF 1#5 THEHM 840

838 IF E[11<¥ THEN 95a

84@ MAT RERD B

856 MAT C=A=E

868 G[13=C[1]

g7 GL21=+C[ 3]

88@ G[31=-Cr21]

899 MAT E=DxG

98@ IF I#1 THEW 220

918 K=E[1]

926 GOTOD 94@

938 PLOT E{2 14 E[31s~7

948 MEXT I

958 PENM

9E@ RESTORE 1oge

97@ NEXT P

988 PEN

996 RESTORE 1180

1890 TATA @s0:-2,945,15.615-8,79-2.945115.91:8, 752,945, 15. 81,8, 71 -19.67

44<



1618 DATA 15.01.-8.7+-19.67
1820 FOR P=8 TO 358 STEF 19
1838 GOSLE 13Zm@

1848 FOR I=1 TG 4

16580 IF I#3 THEN 108794

18608 IF EC1)28 THEH 11£8

1a7e MAT RERD B

1880 MAT C=R%*B

1890 GL1J=Cl[1]

118@ GL21=+C[ 3]

1118 GL31=-CL 2]

1120 MAT E=D=G .

1138 PLOT E{Z1.EL 2T -2

114@ HEXT 1

1158 PEN

1160 RESTORE 1:gR

1178 NEXT F

1180 DATH 12.128, -1 @57 2,33, 12,125, 1,897, 2, 33,
11598 DATA 12.12%59:-1.4537,-2,.945
1298 FEN

1218 IF S1:-108 AHD 218 THEW 13460
1228 RESTORE 1288

1238 FOR I=1 TO 7

124@ MAT FEAT B

125@ MAT E=D=EB .

1268 FLOT E[Z1.E[3]:-2

[
5
i
—
T
—
i
o
—
=
A |
]
1
L]
D
&
i

1270 NEXT 1

1288 DARTH 322389 -8.91-42.321 9.8
1298 DATH -4. .

1388 PLOT 3S+3.

1318 EMD

1328 ACL1.11=AL 2, 2 1=CO5F

1238 AC1.2 I=-C5IHF

1348 AL1s31=AL 2+ 3 1=RL 2,2 1=83

1350 AL2.:1 1=51IHF

1360 AL3,31=1

1378 RETURH
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TOTAL = | .KE
FC )= 5# F(Z2)= T8 (3= |3
FHi= 3K F5t= 3A@ R=-5H

TOTAL AFTER SHADOWING 1S 1.56 - (11/12) (.189) = 1.39

7.597
o7a2 U__\__ V@7
7 IS5 3
TOTAL = | .EBM@
FC )= 97 B(2)= 70 F(3)= (35
AH|= 35 PS|= 25 R=—qp

TOTAL AFTER SHADOWING 15 1,60 - 0.156 = 1.44



TOTHL = | .RBZ
FC13= 97 F(Z2)= 70 F(3)= |35
FHI= 3% H5l= 28 R=-82

TOTAL AFTER SHADOWING 15 1.62 - 0.119 = 1.50

D791\ W
TOTAL = | .BY
PC1)= 9@ F(Z2)= 7@ P(3)= 135
FHI= 3% F5i= IS R=-30

TOTAL AFTER SHADOWING IS 1.64 - 0.078 = 1.56



a.797

L1 ' 7. p3s 3
e
TOTAL = | .EBH
B¢ )= 9m F(Z)= TH PCI)= (35
FH|= 3% F51= 1@ R=—57

TOTAL AFTER SHADOWING [5 1.64 - 0.035 = 1.461

7.826
0816 7o
/.
TOTAL = |.BS
F( 1)Y= 9g F(2)= 70 F(3)= |35
PHI= 3% P5l= & R=-9¢

TOTAL AFTER SHADOWING 5 1.65 - 0.012 = 1.64

H-3

43<



0819 (Y PEZ [F | @.852

TOTHL = |.73
FCly= 949 F(Z2)= TH F(3)= (3%
FHI= 3K FSi= R R=~9@

TOTAL AFTER SHADOWING 15 1.73 - 0.062 = 1.67

A.113 3
).8le A.H75
<l [} —
TETHL = | .8A
PC1)= 3R P(Z2)= 7R PF(d)= (3K
PHI= 3R P51 =-K R=-94
TOTAL AFTER SHADOWING IS 1.80 - (9/12) (.113) = 1,72
H-4



A.167 3

0.807

[ I 7. 394
TartAL = .87
FC1)= 87 F(Z2)= TH F(3)= [3K
PHi= 3R Phi=-1H R=-8¢

TOTAL AFTER SHADOWING IS 1.87 - (5/12) (.167) = 1.80

R.221 3
[ 1
7.9l
TOTAL = | .82
PC1)= 90 F(2)= TH FC3d)= [|3K
FHI= 3K FSt=-[& R=-80
TOTAL AFTER SHADOWING IS 1.92 - (4/12) (.221) = 1.85



or7o [ [

TOTAL = | .87
FC1)= 90 FC2)= 70 PC)= (35
FHI= 35 PS [ =-20 R=-30
TOTAL AFTER SHADOWING 1S 1.97 - (2/12) (.277) = 1.92
3
- L |
'\\;£:::7@ 934
TOTAL = 2.7
FC ()= ag P(Z)= 70 P(3)= |38
PHI= 35 A5 | =- 25 F=—07
TOTAL AFTER SHADOWING 1S 2.01 - (2/12) (.334) = 1.95

MJ



TOTAL = Z2.844
PCl)= Hd (2= 70 FC3)= 3K
FHi= 3% F5[=-30 R=-8¢1

TOTAL AFTER SHADOWING 1S 2.04 - {1/12) {.3%0) = 2.01

g .44 3
oe7l [/  # - |
Z.943 2
TOTAL = Z.M0E6
F¢ )= 9@ P(Z)= 7A@ F(3)= 135
PFHl= 3% P5|=-35 R=-90@

TOTAL AFTER SHADOWING 15 2.06 - (1/12) (.446) = 2.02



0628 /7 FUTEREN

7.842
TOTAL = 2.d7
FC1i= 831 FC2)= TH (3= 13K
FHI= 3K F5i=-HH# H=-9H

TOTAL AFTER SHADOWING IS 2.07 - (1/12) (.502) = 2.03

0579 /4

W.337
TOTAL = 2.27
FC1)= 3p F(2)= 70 FC3)= {3
FHi= 38 5 i=-45 R=-30

TOTAL AFTER SHADOWING 1S 2.07 - (1/12) (.556) = 2.02

H-8

[
SE<



A.6W3 3

0.527 : l

B.3729
TOTAL = Z2.BE ‘
FC1)= 3@ P(2)= 71 B(3>= [|3K
FHI= 3K P51=-KMA R=-9#

TOTAL AFTER SHADOWING 15 2.06 - (1/12) (.609) = 2.01

7.6ER 3
0470 [z |
g.a17
TOTAL = 2.BS
FC1)= 3@ FCZ)= 70 FCI)= |38
FHI= 3% P51 =-58 R=-3@

TOTAL AFTER SHADOWING IS 2.05 - (1/12) (.660) = 2.0



g.788 3

@.anz2 2
TOTRL = 2.@2
FC1)= 58 f(2)= T0@ FC3)= I3K
FHi= 3X FS1=-E0 R=--9¢
TOTAL AFTER SHADOWING 1S 2.02 - (1/12) (.708) = 1.9

#.B3 2Z
TOTAL = 1.9A8
FCl1)= Hd F(Z2)= TH F(3)= 138
FHi= 3% Fol=-KEk% =-8¢

TOTAL AFTER SHADOWING 1S 1.98 - (1/12) (.754) = 1.92

H-10

58<



A.785 3

g.862 Z2
TOTAL = [ .84
PCl 3= 8K pCZ2)= T8 (3= 138
FHi= 3% PS1=-T7H R=-81

TOTAL AFTER SHADOWING IS 1.94 - (1/12) {.796) = 1,87

2
TOTRL = | .BH
FC )= 9@ P(2)= 70 F(3)= (3%
FHI= 3X% P51=-78% R=-8¢

TOTAL AFTER SHADOWING 15 1.88 - (1/12) (.836) = 1.8]

I-11

57<



g.g71 13

A.HIA 2
TOTRL = | .82
FC1)Y)= 97 P(Z23)= 78 P(3)= |38
FHI= 3K P51 =-81 R=-3A
TOTAL AFTER SHADOWING IS 1.82 - (1/12) (.871) = 1.75
#.903 3
B.779 2
TOTHAL = | .78
B( )= 84 P(Z23= 7@ F(33)= 138
PHI= 3K P51{=~BR R=-97

TOTAL AFTER SHADOWING 1S 1.75 - (1/12) (.903) = 1.47

H-12

ET
S3<



g.93@ 3
7 I
a.747 2

TOTAL = | .&B
FC1)= 891 P(23= TH FC3)= 3K
PHI= 3% PLi=-90 R=-9¢
B.954 3
‘ - |
B.712 2
TOTAL = 1.74
FC )= 5@ F(Z2)= 7@ F(3J)= [3K
PHI= 35 PS5 [=-0% R=-90

TOTAL AFTER SHADOWING IS 1.74 - (1/12) {.712) = 1.68

H-13

53<



#.872 13

@.E76 32
TOTAL = | .79
FC )= 9@ (Y= TR P(3)= 135
FHI= 3% P51 =- @0 R=-90
TOTAL AFTER SHADOWING 15 1.79 = (1/12) (.676) = 1.73
f/{>> @ 965 3
0.212 '
PF.5E38 2
TOTHAL = | .BY
AC )= 8y B(AY= 77 PC33= {35
PHl= 3% pS | =~ @5 R=-97

TOTAL AFTER SHADOWING IS 1.84 - (1/12) (.638) = 1.79

H-14

B0<



#.989x 3

B.598 4
TOTAL = 1 .87
FC 1= 8@ FC2)= 70 PC3)= 13K
PHI= 3% PSI=-118 H=-8¢
TOTAL AFTER SHADOWING IS 1.87 - (1/12) (.598) = 1.82
#.989 3
0.346
B.558 Z
TOTAL = 1.88
pCl)= 94 PC2)= TH F(3J)= I3X
FHI= 35 PS1=-1IK R=-30

TOTAL AFTER SHADOWING 15 1.50 - (1/12) (.558) = 1.85

H-15

Fads
;@ﬁ(



Z2.89838

0410 __S_ N

g.x517 2
TOTAL = | .82
FC1)= 98 BCZ2)= TH AC3)= 3K
FHI= 3K FSl=-120 R=-30

TOTAL AFTER SHADOWING IS 1.92 - (1/12) (,517} = 1,88

/>

p.932 3
P.H7E6 Z
TOTHL = | .84
PCi)= 9@/ B(Z2Y= TR P(3)= |35
PHI= 3K PSl=—I2K R=-907
TOTAL AFTER SHADOWING IS 1.94 - (1/12) (.476) = 1.90

H-16



TOTAL = | .94
PCI1)= 44 F(Z2)= TH@ F(3)= |35
FHI= 3K PS5 l=-130 R=-9#

TOTAL AFTER SHADOWING IS 1.94 - {1/12) (.434) = 1.90

M. 955
0579 N\
7.393 2
TOTAL = | .94
PC )= 97 A= 70 PC3)= |35
PHI= 35 A5 =— |35 R=—Gg
TOTAL AFTER SHADOWING 1S 1.94 = (1/12) {.393) = 1.91



0628 \___\

TOTAL = .92
FC1)= 84 H(Z2)= T0 (3= [3K
PHI= 3k P51=-14A R=-0H

TOTAL AFTER SHADOWING 1S 1.92 - (1/12) (.352) = 1.89

ay .
m.9z2} 13
0671 \__\
n.312 2
TOTAL = |.9@
PC 1)Y= gp P(2)= 7A@ P(Iy= I35
FHi= 38 RS |=- |45 R=-90

TOTAL AFTER SHADOWING IS 1.90 - (1/12) (.312) = 1.87

H-18
5a<



TOTHL = | .87

PC1 )= 8# F(2)= T4 P(3i= [3K
PHI= 3K PS5 =-1{80A R=-807
TOTAL AFTER SHADOWING IS 1.87 - (1/12) (.274) = 1.85
n.BR8 3
WA
n.23H 2
TOTAL = | .84
PC1)= B¢ B(2)= T8 P(32= [3K
PHi= 3% P5i=—{KK R=-80
TOTAL AFTER SHADOWING IS 1.84 - (2/12) (.236) = 1.80
H-19



TOTHL = .78

ACTI)= 80 PC2)= TH A(3d=

FHI= 3K Fol=-16H R=-81
TOTAL AFTER SHADOWING 1S 1.79 - (3/12) (.201) = 1.74

TOTAL = 1.74
FC1)= 84 F(2)= 71 H{3)=
ni= 3% FSi=-1bk R=-Hy

TOTAL AFTER SHADOWING IS 1.74 - (4/12) (.168) = 1,68

!
b

l

ELN

ELN



A.737

807 '
0.807 | 1 pg.t3ig 2
TOTAL = [.GH
PC )= 9@ PCZ2)= TH PC3)= 13X
AHl= 3k P5i=-1{70 R=-8¢
TOTAL AFTER SHADOWING IS 1.68 - (6/12) (.136) = 1.6

0.816 a.

TOTAL = (.8
PC1)= 94 PC2)= 70 PC3x= |3K
PHi= 3% P51=-17k R=-80

TOTAL AFTER SHADOWING 15 1,61 - 0,108 = 1.50

H-21

Go<



o —AREZE T\ 8.E41 3

TOTAL = | .&KY
PC1I)= 80 PC2)= 708 ACE)= 13K
FHi= 3K A51=-180 R=-5H

TOTAL AFTER SHADOWING IS 1.54 - 0.082 = 1.46

(al T\ 7583 3
TOTAL = |.45
(1)= 90 AC2)= 70 P(3y= 138
FHI= 3% PS5 1=~ BX R=-G50

TOTAL AFTER SHADOWING IS 1.46 - 0.059 = 1.40



TOTAL = 1.3
PC 1)Y= 84 PCZ2)= TH A= (3K
PFHI= 3K PS5 i=-14904 R=-8H

TOTAL AFTER SHADOWING 15 1.38 - 0.037 = 1.34

0.79I
TOTAL = (.28
PC1 )= 84 PC2)= 71 pC3d= [3K
PHI= 3K P5i=~188 R=-59A
TOTAL AFTER SHADOWING 1S 1.29 - (9/12) (.023) = 1.24
H-23



0770 [ HT TR

TOTAL = | .20
FC1)= oo
BH|= 3%

F(2)= TH
5| =~20Y

TOTAL AFTER SHADOWING 15 1.20 - (8/12) (.009) - 1 .9
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